INTRODUCTION {#sec1-1}
============

Colorectal cancer is the third most common cancer worldwide constituting about 9% of all cancer incidence.\[[@ref1]\] Colonoscopy is a sensitive screening tool and has the potential to prevent about 65% of colorectal cancer cases.\[[@ref2]\] In 2002, it was estimated that about 14.2 million colonoscopies were performed in US.\[[@ref3]\]

In a study conducted over 1187 patients subjected to colonoscopies, although 94% of patients were sedated; however, 23% of patients judged that colonoscopy was more uncomfortable than expected with 10% reported it as very uncomfortable.\[[@ref4]\] Many sedation techniques were utilized during colonoscopies including intermittent bolus administration,\[[@ref5][@ref6]\] intravenous (IV) continuous infusion\[[@ref7]\] and patient-controlled administration. For patient-controlled sedation (PCS) propofol,\[[@ref8][@ref9]\] midazolam/fentanyl,\[[@ref10]\] propofol/alfentanil\[[@ref6][@ref11][@ref12][@ref13][@ref14]\] and propofol/remifentanil\[[@ref10]\] were all tried with different levels of success.

Adding propofol to alfentanil increases sedation, potentiates analgesia, and decreases postoperative nausea and vomiting, with no increase in respiratory depression.\[[@ref15]\] Alfentanil has a relatively long half-life compared with propofol. Remifentanil has a shorter half-life, comparative duration of effect to propofol, and lacks residual postoperative sedation.\[[@ref16]\] These properties may render remifentanil more suitable than alfentanil when given with propofol in settings of outpatient colonoscopy.

This study was aimed to compare the safety and feasibility of a combination of propofol/remifentanil with that of propofol/alfentanil for patients undergoing outpatient colonoscopy utilizing PCS.

MATERIALS AND METHODS {#sec1-2}
=====================

After obtaining approval of Research Ethics Committee, this controlled randomized double-blinded study was conducted. Inclusion criteria included patients aged 18-65 years, American Society of Anesthesiologists classification I, II or III and scheduled for elective outpatient colonoscopy. Written consents were obtained from all patients. Exclusion criteria included known allergy to study drugs, neuropsychiatric disease, advanced heart or respiratory disease, alcohol or drug abuse, gastrointestinal bleeding, pregnancy, patients with history of colonic surgery and patients unable to use PCS.

Eighty patients were randomly assigned to one of two groups; PA group received a combination of propofol/alfentanil and PR group received propofol/remifentanil combination for PCS during colonoscopy. Patients were randomized by sequentially numbered envelopes. The anesthesiologist, nurse and endoscopist were all blind to the drug mixed with propofol. All procedures were conducted by the same endoscopist. The mixture was prepared by the hospital pharmacist just before the start of the procedure. The mixture was prepared in a 50-ml syringe that is connected to a separate IV cannula with primed IV tubing. Each syringe contained 48 ml of propofol 1% plus 2 ml of either 1 mg of alfentanil in PA group or 0.5 mg of remifentanil in PR group. A patient-controlled analgesia pump (Perfusor fmTM, B. Braun, Germany) was used to deliver PCS. The machine was adjusted to give no background infusion, bolus of 0.75 ml over 10 s with no lockout time. Patients were instructed to push the demand button 4 times before the colonoscope is inserted then whenever they feel any discomfort.

All patients received 3 L/min of oxygen via nasal cannula. The anesthesiologist intervened if the patient experienced bradycardia (heart rate \[HR\] \<50/min), hypotension (systolic blood pressure \[BP\] \<90 mmHg), desaturation (oxygen saturation \[SpO~2~\] \<90%) or the patient is not responsive to tactile stimulation. Patients were monitored by a trained nurse that collected data just before the start of sedation (time 0), 1 min after the start of sedation and then every 5 min for HR, mean arterial BP, SpO~2~ and level of sedation using Ramsay sedation scale (RSS) \[[Table 1](#T1){ref-type="table"}\].

###### 

Ramsay sedation scale

![](SJA-8-36-g001)

Times of the following events were recorded; initiation of sedation (time of the patient pushing demand button 4 times), insertion of colonoscope (judged when RSS reach 3-4), removal of colonoscope, recovery time (RSS become 2, HR, BP and oxygen saturation are within 20% of basal readings), and discharge time (patient reaches Aldrete score \[[Table 2](#T2){ref-type="table"}\] of 9 or more). From these five events, five intervals were calculated; time to sedation (from initiation of sedation to insertion of colonoscope), procedure time (from insertion to removal of colonoscope), postprocedure time (from removal of colonoscope to discharge time), procedure room time (from initiation of sedation to recovery time), and postanesthesia care unit (PACU) time (from recovery time to discharge time).

###### 

Aldrete score

![](SJA-8-36-g002)

Immediately after the procedure ended, the endoscopist was asked to report his satisfaction in a scale from 1 to 10 (1: Not satisfied and 10: Very satisfied). Just before discharge, patients were asked to report their satisfaction clearly concerning only sedation and analgesia in a scale from 1 to 10 (1: Not satisfied and 10: Very satisfied).

Data were presented as mean ± standard deviation. Unpaired Student\'s t-test was used for comparison between the two groups. Paired Student\'s t-test was used to compare baseline readings (time 0) to readings after 30 min from initiation of sedation within the same group for both HR and mean arterial BP. Statistical analysis was performed using SPSS statistical package (SPSS Inc., Chicago, Il, USA) version 15 for windows. *P* \< 0.05 was considered to be statistically significant.

RESULTS {#sec1-3}
=======

There were no differences between groups concerning demographic data and number of patients subjected to polypectomies \[[Table 3](#T3){ref-type="table"}\].

###### 

Demographic data and number of patients subjected to polypectomies in the two groups
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Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} show changes in HR and mean arterial pressure (MAP) consecutively. Both groups showed slowing in HR and decrease in MAP after the start of sedation. HR and MAP were significantly lower in PR group when compared with PA group 5 and 10 min after the start of sedation. HR and MAP returned to presedation values 30 min after the start of sedation in PR group while stayed at significantly lower values in PA group when compared with presedation values. [Figure 3](#F3){ref-type="fig"} shows changes in arterial oxygen saturation. There were no statistically significant changes between groups at anytime. Eight patients in PA group and six in PR group suffered desaturation but no one needed bag-mask ventilation or endotracheal intubation. [Figure 4](#F4){ref-type="fig"} shows changes in RSS. There were no statistically significant changes between groups at anytime.

![Heart rate changes during procedure. \**P* \< 0.05, significant inter-group differences. \#*P* \< 0.05, significant changes compared with time 0 reading in the same group](SJA-8-36-g004){#F1}

![Mean arterial pressure changes during procedure. \**P* \< 0.05, significant inter-group differences. \#*P* \< 0.05, significant changes compared with time 0 reading in the same group](SJA-8-36-g005){#F2}

![Arterial oxygen saturation changes during procedure](SJA-8-36-g006){#F3}

![Ramsay sedation scale changes during procedure](SJA-8-36-g007){#F4}

[Table 4](#T4){ref-type="table"} shows different times calculated during the study. There were statistically significant differences in postprocedure and PACU times favoring shorter times in PR group. [Table 4](#T4){ref-type="table"} also contains satisfaction scores of the endoscopist and patients. Both showed no differences.

###### 

Times calculated during the study and satisfaction scores of the endoscopist and patients

![](SJA-8-36-g008)

DISCUSSION {#sec1-4}
==========

Colonoscopy is considered the most accurate and the most commonly used procedure to image the large bowel, especially when colorectal cancer screening and surveillance of adenomas are considered.\[[@ref17][@ref18][@ref19]\] Propofol is widely used for sedation during the performance of different procedures. When propofol is used as a sole agent, large doses may be needed to tolerate some invasive procedures. Myocardial depression and peripheral vasodilation may follow. With higher doses, hypotension, respiratory depression, and decreased upper airway protective reflex activity can be life-threatening.\[[@ref20]\] Moreover, propofol lacks analgesic properties.

Adding opioids to propofol has many advantages. It decreases pain and discomfort during the performance of the procedure. It also decreases pain arising from propofol injection. Propofol in its turns decreases nausea and vomiting due to opioids. Moreover, total amounts of both drugs decrease and recovery is more rapid.\[[@ref21]\]

Many opioids were added to propofol with different degrees of success. Fentanyl,\[[@ref20]\] alfentanil,\[[@ref11][@ref12][@ref20]\] sufentanil,\[[@ref22][@ref23]\] and remifentanil\[[@ref10][@ref24]\] were all used. Alfentanil is less lipid soluble than fentanyl. This allows less tissue accumulation and therefore greater binding of plasma concentrations to opioid receptors and more rapid onset of effects.\[[@ref25][@ref26]\] Remifentanil may have advantages over alfentanil because of its shorter half-life, comparative duration of effect to propofol, and lack of residual postoperative sedation.\[[@ref16]\]

Egan *et al*. stated that alfentanil and remifentanil have many similarities. Pharmacokinetically, the two drugs are similar in terms of steady-state distribution volume but remifentanil\'s central clearance is substantially greater (2.9 vs. 0.36 L/min). Terminal half-life for remifentanil in the same study was 35.1 min compared with 94.5 min for alfentanil resulting in faster decline of blood concentration after discontinuation of an infusion. Pharmacodynamically, the drugs are similar in terms of the time required for equilibration between blood and the effect-site concentrations.\[[@ref27]\] This similarity explains the overall few statistically significant differences between the two groups in the present study. Still, differences in pharmacokinetics and pharmacodynamics between the two drugs can explain most of results in the present study.

When effects of a drug could be terminated by the end of the procedure, this drug will be very beneficial in states of outpatient settings. This goes very well with remifentanil when concerning performance of colonoscopies. Known that colonoscopy is usually not inducing postprocedural pain except if complicated, makes remifentanil a more suitable choice when mixed with propofol for PCS of cases of outpatient colonoscopy.

In the present study, both mixtures seemed safe and feasible. It is well-known that both alfentanil and remifentanil induce bradycardia and hypotension.\[[@ref28]\] These changes were evident in both groups with significant slowing of the HR and lowering of BP with PR group when compared with PA group. However, no medications were used to treat bradycardia or hypotension. Although lockout was zero and bolus injection time was only 10 s which might allow easy overdosing, respiratory depression did not happen. Oxygen desaturation was recorded is the present study in 14 cases. Both groups were almost equally affected. Patients did not need positive pressure ventilation reflecting the feasibility of sedation with these drugs. This was reflected on the endoscopist satisfaction for both groups. Other factors affected the endoscopist satisfaction were a short time needed for sedation and considerable procedure room time. Patient satisfaction was high in both groups. Administration of drugs through PCS is an important factor to increase patient satisfaction.\[[@ref29]\] It allows the patient to self-administer the exact amount of anesthetics required to treat varying degrees of pain and discomfort.\[[@ref21]\]

CONCLUSION {#sec1-5}
==========

Patient-controlled sedation with either propofol/remifentanil or propofol/alfentanil is safe and feasible technique of sedation in settings of outpatient colonoscopy. Propofol/remifentanil has more beneficial advantages over propofol/alfentanil due to more rapid clearance of remifentanil compared with alfentanil.
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